In recent years, many small antennas used near a human body have been proposed in the medical field. Most of them are designed in consideration of the influence of a human body having high dielectric properties and assume use at a single frequency or a single polarization. We proposed a dual-polarized textile antenna for the 5.2 GHz band as our previous study. In this paper, we report the design of a dual-band dual-polarized antenna using single point coplanar feeding. This antenna has excellent radiation patterns and reflection coefficients for each of the desired frequency.
Introduction
In recent years, a large number of textile antennas have been studied in communication near the human body [1, 2, 3, 4, 5] . Since the human body has a high dielectric constant, it is necessary to consider loss and antenna characteristics. Also, in general, communication devices worn in the vicinity of the human body may influence reception ability or transmission ability due to the impact of movement or posture change.
In our previous research, we designed a 5.2 GHz textile antenna for biological information monitoring systems [6, 7] . This previous antenna can transmit biological information regardless of changes in a patient's posture or motion by radiating elliptical polarization, which is ensured by the received power experiment. In a propagation environment of a patient's room, motion and posture of a patient do not always move, and it can be imagined that a patient's motion and posture are changed while maintaining a certain posture direction, so perfect circular polarization is not necessarily required.
However, if a receiving antenna is entirely orthogonal to this elliptical radiation pattern, a received power may be smaller than expected. Besides, there are individual differences in the electrical characteristics of the human body, and a single-frequency patch antenna with a narrow frequency bandwidth may cause a deviation from the desired frequency.
To solve these problems, we designed the two-frequency design of textile patch antenna with planar structure and coplanar feed by using a slit between a microstrip line and a radiation element and L-shaped slot on the patch based on the previously proposed antenna. An antenna with a design that radiates two orthogonal elliptical polarizations enables more stable communication because it is not more sensitive to differences in the electrical characteristics of the human body due to has two design frequencies. This antenna also is flexible in design to determine the frequency of interest. Furthermore, having multiple frequencies and polarizations contributes to more flexible system construction, such as polarization switching and diversity operation depending on a communication status.
2 Design for dual-band frequency Fig. 1 shows a designed antenna and some parameters for characteristics evaluation, and this simulation was performed by time domain solver of CST MW-Studio 2019 [8] . This antenna consists of a patch and a ground plane made of conductive textile. A dielectric of this antenna is a felt, that relative permittivity was set to 1.36. We inserted a slit between feeding microstrip line and patch; this slit works to improve impedance matching at both desired frequencies. This slit length is 1 mm longer compared to the previous study [6] .
Next, we designed an L-shaped slot on the patch to extend a current stream of a low-side resonance frequency. An antenna that resonates at two desired frequencies can be designed by adjusting the size of the radiation element, the length of the slit and the size of the L-shaped slot. Fig. 2(a) shows the analysis results of the reflection coefficient when the slit length was fixed at 11 m, and the L-shaped slot is loaded on the patch. From the results, it is possible to change the resonance frequency f 1 on the low-frequency side by the length of the L-shaped slot without changing the resonance frequency f 2 on the high-frequency side as well, and the maximum width of dual resonant frequency was around 550 MHz when the length of Ss slot set to 6.0 mm.
A surface current distribution is shown in Fig. 2(b-1) and (b-2) . The current of lower-frequency is stretched by detouring by the L-shaped slot whereas the current of frequency f 2 is only slightly affected, and this current direction is opposite to high-frequency's one. These frequencies are determined only by the slit and the L-shaped slot on the patch, and it can be confirmed that the frequency design is flexible. Since this antenna radiates elliptically polarized waves as close as possible to linear polarization, it is not appropriate to evaluate from the viewpoint of a circularly polarized wave. Therefore, we used E and E ' for evaluation in this section. Fig. 3(a confirmed that this antenna could radiate dual-polarized wave on each frequency even though a sizeable L-shaped slot inserted to the specified position of the patch.
Conclusion
In this paper, we propose a new single-fed dual-band dual-polarization textile patch antenna with the slits and L-shaped slot inserted. This antenna structure can select the second frequency from the band in a range of around 550 MHz in addition to the main frequency and has good resonance characteristics and the antenna gain.
In terms of the polarization and the antenna gain, we obtained around 8.42 dBi for f 1 and 8.56 dBi for f 2 respectively when the Ss length was set to 4.5 mm. In each low-side resonant frequency that depends on a length of its L-shaped slot, without significantly affecting the resonance and gain on another one. 
